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ROUTER DEVICE AND CUT-THROUGH PATH CONTROL METHOD FOR 
REALIZING LOAD BALANCING AT INTERMEDIATE ROUTERS 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present Invention relates to a router device for 
setting up a cur-tnrouffJi path ana a method for controlling 
a out-tnrougn patn. 

DESCRIPTION OF THE BACKGROUND ART 
A router device for transferring data gram by 
analyzing an IP (Internet Protocol) header uses a routing 
protocol for the purpose of determining a next hop transfer 
targret. In one such routine protocol called OSPF (Open 
Shortest Path Fast) (see J. Moy, "OSPF Version 2". Internet 
RFC23Z8, April 1998, for example), when a plurality of next 
hop transfer targets exist eorr esponding to a. plurality of 
routes of the same cost up to a final destination network, 
or host, it is possible to maintain a plurality of next tiop 
transfer rarser Information- Here, the cost refers to ati 
information such as the number of intermediate routers to 
be passed, for example, where the lowest cost implies the 
shortest roure. 

This function is utilized for the load balancing In 
such a way ttiat , wJtien a router device for transferring 
datagrams has a plurality of next hop transfer target 
router information, datagrams are outputted uniformly over 
these next hop transfer target routers so as to avoid 

loading only a particular router device heavily. Here, the 
importanr polnr is thar . at a time of rhe load Dalanctne, 
there is a need to make sure that the orders among- 
dara^rams are not reversed in the data transfer between two 
hosts . 
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on rtie oxher hand» in rlie label swirchlng" technique 
rliar h.as been proposed as a scheme ^or realizing a ^asT 
Transfer of daragrrams such as those of IP, rhe IP header 
Information Is not looked during: the daraeram transfer so 
5 that It is difficult to ^arantee the orders among' 
datagrams in the data transfer between two hosts. 

For this reason , the label switching technique adopts 
a scheme for setting up a plurality of paths (called label 
switched paths) for carrying" out a cut-through transfer 

lo from a device (.called ed&e router) that currently carries 
our a transfer based on the IP neader, and transferring 
datagram to one of the plurality of cut-through paths tnat 
are set up at the edge router. 

For the label switched path set up in this scheme, 

15 there exists a set up called Explicit Route which enforces 
passing of each path at a time of starting the set up from 
the edee router. 

In the case of the set up according to Explicit Route, 
it le necessary for the ed^e router to recognize a deletion 

20 of a specified route (router device) due to the chanee of a 
route at an intermediate router device or the like, and at 
a time of notifying the deletion of the specified route 
from a router that detected it to the edge router, there 
are cases which require special means such as the use of 

25 inforraation on the routing protocol or a protocol for 
generating the cut-through. 

Also, in the conventional method, even when a given 
router itself does not have a plurality of routes, there is 
a need to recognize a plurality of routes, which is 

30 difficult depending on the routing protocol, so that there 
Is a possibility for a network manager to be required to 
make a rcgistrarlon ar a vlme of nerworK designing. 

As described, conventionally, there has been a problem 
that, in the case of carrying out the load balancing 

35 regarding the cut^through path, the edge router of that 



Received Oct-27-99 12:47Qm Froni-+81335970086 



To-FOLEY & LARDNER 



Page 08 



5B$fe-F0LEY 



m £€7C-MIY0SI & MIYOSl 



T-73B P.09/B0 U-559 



10 
15 

a 

20 

y 

0 25 
30 
35 



cuT-Tliroueli path rhar is to be route cbang^ed for the 
purpose olT load balanclnir must be Involved In tills process. 
Also, for this reason, there has been a problem that the 
control and implementation become complicated and it is 
difficult to realize the effective load balanelng-- 

SUMMARY OF THE INVENTION 

It is therefore an object of the present Invention to 
provide a router device and a cut-through path control 
method, capable of carrying' out the load balancing: at an 
intermediate router device which actually has a multi-path 
information p without requiring a special processing: at the 
edg^e router. 

According to one aspect of the present invention there 
is provided a cut-through path control method at a router 
device at which multi-path exists, comprising the steps of: 
selecting: one router amonjr a plurality of routers that can 
possibly be a next hop router so as to contribute to a load 
balancingp according to a whole or a prescribed part of 
information regarding a state of cut-through path set up in 
which the router device is involved, at a time of setting 
up a cut- through path in the multi-path; and carries out a 
prescribed control for setting up the cut-through parh with 
said one router as the next hop router. 

Accordine to another aspect of the present invention 
there is provided a cut-through path control method at a 
router device at which multi-path exists, comprising the 
steps of: selecting one cut- through path that contributes 
to a load balancing when a route change is made, among cut- 
through paths for which the route change at the router 
device is poscsible ; and changing a route of said one eut- 
through path so as to contribute to the load balancing. 

According to another aspect of the present invention 
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there is provided a rourer device ar wlilcJi mulrl-parii 
exlsrs. comprising; a processing: unir configaired xo seiecx 
one rourer araone a plurality of rourers that can possibly 
be a next hop router so as to contribute to a load 
balancing, according to a whole or a prescribed parr or 
Inf oirmatlon regarding a state of cut-through path set up in 
which the router device is involved, at a. time of* setting 
up a cut-throuffh path in the multi-path; a control unit 
configured to carry out a prescribed control for setting up 
rhe cut-through path with said one router as the next hop 
router; and a transfer unit configured to transfer 
datae^rams using the cut-through path. 

According to another aspect of the present invention 
mere is provided a router device ar which muiri-parh 
exists, comprising: a processing unit configured to select 
one cut-through path that contributes to a load balancing 
When a route change is made, among cut-through paths for 

which the route change at the router device is possible; a 
control unit configured to change a route of said one cut- 
rhrough path so as to contribute to the load balancing: and 
a transfer unit configured to transfer datajrrams usinir the 
cur-through parti. 

According ro anotlier asipect of the prepaent invent j on 
there is provided a computer usable medium having computer 
readable program code means embodied therein for causing a 
computer ro function as a rourer device ar which mulrl-parh 
exists, the computer readable program code means includes; 
first computer readable program code means for causing said 
computer ro selecr one rourer among a pluraliry of rourers 
that can possibly be a next hop router so as ro conrrlbure 
ro a load balancing, according ro a wnoie or a prescribed 
parr of Information, regarding a stare of cut-through path 
set up in which rhe router device is involved, ar a rime of 
serting up a cut-through path in the multi-path; second 
computer readable program code means for causing said 
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computer To carry out a prescribed control for serxln^ ap 
the cur-Througrh parh with said one rourcr as rJie ncxr hop 
rourer; and third computer readable program code means for 
causing said computer to transfer data&rams uslng^ the cut- 
throuffh path- 

According: to another aspect ot^ the present invention 
there Is provided a computer usable medium having computer 
readable program code means embodied therein for causing a 
computer to function as a router device at which multi-path 
exists » the computer readable program code means Includes: 
firsr computer readable program code means for causing said 
computer to select one cut-through path that contributes to 
a load balancing when a route change Is made, among cut- 
throueh paths for which the route change at the router 
device Is . possslble ; second computer readable program code 
means for causing said computer to change a route of said 
one cut-through path so as to contribute to the load 
balancing; and tnird computer readable program code means 
for causing said computer to transfer datagrams using the 
cut- through path . 

Other features and advantages of the present invention 
will become apparent from the following description taken 
in conjunction witn tne accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Is a diagram showing an exemplary configuration 
of a network containing a router device according to the 
preferred embodiment of the present invention. 

Fig, 2 is a block diagram showing one exemplary 

configuration of a router device according to the preferred 
embodiment of the present invention. 

Fig. 3 is a flow chart showing one exemplary cut- 
through path set up procedure that can be carried out by 
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the rourer device of Fig*. 2. 

Fig. 4 is a flow c-harr sliowin? anotner exemplary cux- 
through pax:h set: up procedure rhat: can be carried out by 
the rourer device of Fig- 2. 

Fl^, 5 is a flow charr showing: srlll another exemplary 
cur-throu&h path sot up procedure that can be carried out 
by the router device of Pig, 2. 

Fig. 6 Is a diagram showing' an exemplary conf i^ration 
of a routing table used in the router device of Fig. 2. 

Fig, 7 is a diagram showing an exemplary configuration 
of a label table used in the router device of Fig, 2, 

Fig- 8 is a block diagram showing anorber exemplary 
configuration of a router device according to the preferred 
embodiment of the present invention. 

Fig- 9 is a flow chart showing one exemplary cut- 
through path re-settine procedure that can be carried out 
by the router device of Fig. 8- 

Fig, 10 Is a flow chart showing another exemplary cut- 
through path re-setting procedure that can be carried out 
by "che router device of Fig- 8, 

Fig, 11 is a diagram showing an exemplary 
conf igurarion of a label table used in The router device of 
Fig. 8. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to Fig. 1 to Fig- 11, on© embodiment of 
a rourer device and a cut-throug-h path control method 
according to the present invention will be described in 
detail . 

Fig. 1 shows an exemplary network into which the label 
switching is inTroduced. in which a rourer device can have 
a plurality of next hop information . 



Each one of router devices 101 to 103 is a device 
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navin? a Tuncxlon tor greneraxlng a parh (wlilch will be 
ref*err©d to as a cut-rhrouen paTh herearrer) that enables a 
fast datas^ram transfer based only on a lower layer 
Information without lookln^T at the IP header information, 
5 by sharing a common recognition regarding information on a 
datagram flow to be transferred and a lower layer 
information amongr the routers. 

As a way of obtaining a common recognition regrardin^ a 
speciric datagram information and a lower layer information 
10 (Which will be referrea to as a label hereafter), a 
protocol such as FANP (Flow Attribute Notification 
Protocol), TDP (Tag Distribution Protocol) p or LDP {Habel 
Distribution protocol) can be used, 

A router device 104 is a device that is connected with 
15 The router devices 102 and 103 and a network 120 locared 

beyond these router devices, where a protocol such as FANP, 
TDP or LDP is operating between this router device 104 and 
the router device 102 and the router device 103, which has 
a function t'or eetting up a cut-throueh path and a function 
20 as a final hop of the cut-throueh path. 

Each one of router devices 111 to UN is a device that 
is connected with the router device 101, where a protocol 
such as FANP. TDP, or LDP is operated similarly as in the 
router device 104, which also has a function for settlng^ up 
25 a cut-throueh path and a function as a final hop of the 
cut- through path, 

Note that the router devices lOl to loa. 104. and iii 
to UN are dl st ingruished above for the convenience of the 
followinff description p but all the router devices can be 
30 devices having a cut-throuph transfer function. 

In the network of Fig- 1, a routing protocol for 
determining a transfer target of an IP datagram is 
operating between the routers, and the routing protocol 
that is operating here can be OSPF (Open Shortest Path 
35 Fast), for example. 
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By operarlng rtie ronvlns prorocol on rhe nerwork. m 
The case of rransf erring the datagram from tlx© rourer 
device 101 to the network 120 or the router device 104, the 
router device 101 can recognize that the network 120 or the 
5 router device 104 les reachable at the scune cost by adopting 
either one or a route via the router device 102 and a route 
via the router device 103. As a result, the router device 
101 may transfer datagram to either the router 102 or the 
router 103 at a time of the datagram transfer, 
10 In such a configuration, the case of generating cut- 

throu&h paths 131 to 13N using a protocol such as FANP . TDP 
or LDP, with respect to the network 120 or the router 
device 104 from the router devices 111 to llN will be 
described . 

X5 in this case, the router device 101 transfers set up 

messages respectively arrived from the router devices 111 
to llN towards a direction of the router device 104 or the 
network 120, and similarly as in the case of datagram 
transfer, the router device 101 may transfer them to either 

20 the router device 102 or the router device 103 as a next 

router device for transferrins messages for the purpose of 
extending the cut-through paths . 

Now, Fig. 2 shows an exemplary configuration of the 
router device 101 provided within the exemplary network 

25 oonf Iffuratlon of Fig. 1. Note tHat tne router device 102 or 
the router device 103 may have the same configuration, but 
only the router device 101 has multi-path in the exemplary 
network configuration of Fig- 1 so that the router device 
101 will be described here as an example. 

30 An IP processing unit 201 checks whether an IP 

datagram is destined to the own device or not according to 
a destination information of the dataeroin, and for ttic 
datagram destined to the own device, the reception 
processing is carried out and the datagram is transferred 

35 to an upper layer prorocol (TCP. for example), whereas for 
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the daraeram nor desxined -co ttie own device p a nexr hop 
transfer rarfiret: la derermined and a proceeeine Tor 
t:rans:f erring? the darafpram ro a next hop tourer device Is 
carried out. 

5 Note rha-c the router device 101 has a label switehing 

function using labels so that It Is not absolutely 
necessary tor the router device 101 to have a transfer 
function with respect to the datagram not destined to the 
own device. However, in the case where the router devices 

10 104 and ill to iiN are provided in the contleuratlon oT 

Fig*. 1, it is necessary for these router devices to have a 
transfer function with respect to the data.gram not destined 
to the own device because any of these router devices can 
be a start point or an end point of a cut- through patii. 

15 A cut-through control unit 202 carries out a protocol 

to be used in obtaining a common recognition regarding the 
datagram flow and the label information with the 
neighboring router devices (by exchanging information on 
the datagram flow and rne labels) _ 

20 A routing table 203 is a table used in obtaining a 

next hop router device from the destination address, where 
it is possible to have a plurality of next hop information 
but the next hop Information is not necessarily always 
plural because there can be cases where no multi-path 

25 exists depending on the route. 

Network interfaces 211 to 21N are respectively 
connected ro rne routers ill to llN, and can be provided In 
any form as long as FANP , TDP or LDP isa usaable on a 
physical layer. For example > they can be provided in forme 

30 of ATM, frame rcltiy p Ethernet, etc. 

A network interface 221 is connected to the router 
device 102 and operates similarly as rne network interfaces 
211 to 21N (here it is assumed to have the same 
configuration as the network interfaces 211 to 2lN) . 

35 A network interface 222 is connected to the router 
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device 103 and operates similarly as the network Inxerfaces 
211 ro 21N (Here it JLs assumed ro have the same 
conf Iffurarlon as the network Interfaces 211 to 21N) . 

A switch unit 204 Is a switch device capahle or 
directly switching datacrram from one network interface to 
another network interface when the cut-through transfer is 
possible - 

Now, a configuration of each network interface will be 
described using the network interface 211 as an example. 

A physical layer processing unit 231 carries out 
different types of processing according ro the physical 
layer accommodated by tJie network interface* such as the 
cell synchronization processing, etc, in the case of ATM 
and the MAC processing, etc., in the case of Ethernet, 

A label processing unit 232 determines a label for a 
next hop router device by referring to the label table 233 
after extracting a label from the header Information of the 
received datagram (frame), and carries out a processing for 
transferring the datagram to the next hop router directly 
through the switeb unit 204 wltliout carrying out the 
datagram transfer processing using IP header, etc. 

Nore that, in the case of ATM, a switch table in rermsa 
of VPI/VCI used by the ATM switch or the like can be used 
directly as the label processing unit 232 and the label 
rablc 233, and in the case where the network interfaces 
possessed by the router device 101 are all given in forms 
of ATM, all the functions of the network interfaces 211 to 
21N. 22X and 222, tne label processing unit 232, the label 
table 233 and the switch unit 204 can be realised by an ATM 
swi tch • 

In the following, the cut- through path set up 
procedure at the router device lOl will be described. 

Fig. 3 shows an exemplary processing procedure of the 
router device 101 in the case of generating a cut-through 
path from the router device 111 to UN with respect to the 
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network 120 or The rourer device 104 as rhc ^inal 
desrmaxion In rhe nerwork shown in Fie- 1- Here, The 
exemplary ease of not carrying: out The menrinjr will be 
described- 

S Note ThaT The operaTion is di:fferenT depending on ;d 

protocol for g'eneraTlnff the cuT-Througrh path, and an 
exemplary case of Transferring: message To a nexT hop rouTer 
aT a timing of a cuT-Throagh paTh greneraTion message (which 
will be referred to as a sct up message hereafTer) will be 

10 descrlhed here. 

The cuT-rhroug-h paxh generaTion messaere received from 
The nsTwork inTerface 211 to 21N of The rouTer device lOl 
is Transferred to the IP processing unit 201 after 
referrlnff To The label Table 233 at the label processing 

IS uniT 232 and deterraininj? ThaT The daTagram processing sach 
as that of IP Is To be carried out wiThouT Transferring iT 
direcTly to anoTher neTwork InTerface (sTep S301J , 

NoTe ThaT a condition for carrying out The daTagram 
processing is dlfferenT depending on a protocol, buT The 

20 transfer processing with respect To The IP processing unlT 
201 That is carried out aT The ewlTch uniT 204 is bassically 
The same , 

The IP processing uniT 201 to which The seT up message 
is transferred Then makes a judgement as To wheTher iT is a 

25 message to be received by The own device or nor, and sends 
data To The cuT-Through conTrol unit 202 when it is a cut- 
Through proTocol message (sTep S302). 

on The oTher hand, when The IP processing unlT 201 
judges thar IT is noT a message to be received by the own 

30 device, the IP Transfer proceeelng is to be carried out «o 
that the IP processing unit 201 deTermines a next hop 
rouTer device by referring to The rourlng -cable 203 , and 
Transfers data to the xiexT hop rouTer device (sTep S303) , 
At this point, if the router device 101 has a device 

35 configuration without The IP Transfer funcTlon, The 
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daragrram will be discarded. 

Next, at rh.e cur-rhrou^h control unit 202 rhar 
received xhe set up messaffe from rhe IP processing unit 
201, The final desrinarlon for the purpose of c^eneratinir 
5 the cur-rhrouirh path that is contained in the received 
message is acquired (step S304) . 

At the cur-rhrou^h conrrol unit 202 , rhc next hop 
router device is obtained by referring to the routine table 
203 using the acquired final destination (step S305) . and 
10 if the final destination Is not reachable, the transfer of 
this messae^e is interrupted (step S306). 

Note that rhe operation after the message transfer 
interruption is different depending on the cut-through path 
generation protocol, and can be returning of a response (a 
15 response message will be referred to as a set up completion 
message hereafter) to the previous hop router device 111 to 
UN from the router device 101 or stopping of the protocol 
operation. 

On rhe other hand, when the final destination exists 
20 at the step S305. the next hop router device information is 
obtained from an entry of the routing table 203 for the 
final defitlnat ion- 

In the network of Fig. 1. the router device lOl 
maintains the router device 102 and the router device 103 
25 as the next hop information with respect to the router 

device 104 and the network 120 as already mentioned above. 

At this point, the cut-through control unit 202. checks 
the number of already set up cut- through paths (a cut- 
through number) with respect to the same final destination 
30 C step S30T) . 

The number of already set up cut-through paths is used 
in the Judgement to obrain the next hop information. In the 
case where there are two next hop information as In the 
network configuration of Fig. 1» the next hop Information 
35 is determined by an algorithm which selects the router 
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device 102 when Tiie number of already sex up cur-rtiroueti 
paxhs is O or even, or rue router device 103 wnen xtie 
number of already sex up cux-xhrougli paxhs Is odd (step 
S308), for example. 
5 Note thax when xhere are n pieces of the nexX hop 

Informaxion. the nexX hop rouxer devices can be selecxed 
seauenxially accordinc xo a value of "c mod n" , for 
example, where c Is xhe number of already sex up cut- 
xhrougn paxhs. 

10 Also, Xhe nexx hop rouxer device selccxion algorirhra 

is nox limited xo xhis, and any algorithm can be used as 
long as it sexs an identical (or nearly idenxieal) number 
of paxhs xo each next hop rouxer device or it dlstribuxes 
paths uniformly among the next hop rouxer devices. 

15 Ax Xhe cux-through control unit 202 which determined 

the next hop router device in this way. the set up messag^e 
is transmitted to the router device 102 through the network 
interTace 221 it the router device ±02 is determined as the 
next hop router device or to the router device 103 throuen 

20 the network interface 222 if the rouxer device 103 is 
determined as the next hop router device (step S309}- 

After that, at a timing where the set up complexion 
message arrives from xhe router device 104 xhax is an end 
poinx of xhe cux-throu^h path or an inXermediaXe rouxer 

25 device (step S310). a correspondence between the flow 

information and label information contained in the received 
message and the corresponding transmission now information 
and label information is established, so that the cut- 
through path set up to an output network interface 221 or 

30 222 from the input network interface 211 to 21N becomes 
possible, and therefore a transition to the cut-through 
transfer becomes possible (step S311). 

The transition to the cut-through transfer is 
completed by setting- the output label information in the 

35 label table 233 existing on the receiving network interface 
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211 ro 21N. in the ease of rtie rourer device in The 
cont'lgurarlon shown in Fie, 2. 

When the rranslTlon ro the cux-rhroufirh transfer Is 
completed, rhe cut-through control unit 202 xransrers the 
5 sex up completion message to the previous hop router 
device , 

In this way, by making the number of paths for each 
next hop router device identical (or nearly identical) in 
view of the number of already sex up cut-through paths in 
10 the procedure for dexermlnine rhe next hop rouxer, Ix 

oecomes possible to realize the load balancing at the piith 
level . 

Next, the case of supporting" a merging function 
capable of transini txing a plurality of input labels to a 
15 single outpux label ax xhe switch unit 204 in xhe rouxer 
p device 101 shown in Fig- 2 will be described. 

Fig. 4 shows an exemplary processing procedure of the 
JJ! rouxer device 101 in xhe case where the router device 101 

has xhe merglniz: Tuner ion (carries oux xhe merging) , when 
20 the router device 111 xo llN generates xhe cux-xhroujrh paxn 
JJ; with rhe nexwork 120 or xhe router device 104 as xhe final 

deexlnaxlon, :for example. 

The cux-xhrough paxh generaxion message received from 
Jf! the neXwork inxerd?ace 211 xo 21N of the router device 101 

If: 25 is transferred Xo xhe IP processing unlx 201 afxer 

m referring xo xhe label xable 233 ax xhe label processing 

^0 unlx 232 and dexermining xhax xhe daragrom processing such 

as xhax of IF is to be carried oux wixhoux xransferrlng ix 
directly to another nexwork inxerface (sxep S401) - 
30 Note that a condition for carrying oux xhe daxagram 

processing is dlfferenx depending on a protocol, bux xhe 
xransfer processing wixh respecx xo xhe IP processing unir 
201 xhax is carried out at Xhe swixeh uniX 204 is basically 
xhe same . 

35 The IP processing unlx 201 xo which xhe sex up message 
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Is Transferred then makes a Judgemenr as ro whether Ir Is a 
measae'e to be received by rhe own device or nor. and sends 
dara to rhe cur-throaeh conrrol unit 202 when It Is a cut- 
through protocol message (step S402) . 
5 On the other hand, when the IP processing unit zoi 

Judges that it Is not a message to be received by the own 
device, the IP transfer processing Is to be carried out sso 
that the IP processing unit 201 determines a next hop 
router device by referring to the routing ttable 203, and 

10 transTers dara to the nexr hop router device (step S403) , 
At this point. Itr the rourer device 101 has a device 
configuration without the IP transfer tuncrion. the 
datagram may be discarded. 

Next, at the cut-through control unit 202 that 

IS received rhe set up message from the IP processing unit 
201, the final destination for rhe purpose of generating 
the cut-through path that is contained in the message Is 

acquired (step S404}. 

Also, the next hop router device is obtained by 
20 referring to the routing table 203 using the acquJred final 
desrinarlon (step S405), and if rhe final destination is 
nor reachable, the transfer of rhie message is Interrupted 
{ step S406) - 

Nore that the operation after the message transfer 
25 inrerruption is dlffcrenr depending on the cut-through path 
generarlon protocol, and can be returning of a response to 
the previous hop router device 111 to UN from the router 
device lOl or sropplne: of the protocol operation. 

on the other hand, when the final destination exists 
30 at the step S405 , rhe next hop router device information is 
obtained from an entry of the routing table 203 for the 
final desrinarlon. 

In rhe network of Fig. l, rhe rourer device 101 
malnralns rhe rourer device 102 and rhe rourer device 103 
35 as rhe next hop information with respect to the router 
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device 104 and xlie network 120 already menrloned atiovc . 

Nexr , rlie next hop roiirer device is to be eelecTed ar 
the cuT-rhroueh control unit 202, and at this point, the 
cut-throu&h control unit 202 checks the number of already 
5 set up cut-through paths with respect to the ^ame final 
destlnaxlon (step S407), 

The number of already set up cut-throujgrh paths is used 
in the judgement to obtain the next hop information . 
Similarly as In the case of Fig. 3, the next hop 
10 information is determined by an algorithm which selects the 
router device 102 when the number of already set up cut- 
throagh paths is 0 or even, or the router device 103 when 
the number of already set up cut-throueh paths is odd (step 
S408), for example « 
15 AS menrloned above, the next hop router device 

selection algorithm le nor limited to this, and any 
algorithm can be used as long^ as it sets an idenrlc-al (or 
nearly identical) number of paths to each next hop router 
device or it distributee paths uniformly among the next hop 
20 router devices. 

Next, in the case where the number of already set up 
cut-throug^h paths is leas than the number of next hop 
Information maintained, that is. in the case where the 
number of already ser up cur-rhroueh paths is 0 or i in 
25 this example, the maximum number (two in this example) of 
the cut-throuffh paths are not yer generated, so that the 
set up message is transmitted to the determined ne^t hop 
router device (step S409) , 

After that, at a timing where the set up completion 
30 message arrives from the router device 104 that is an end 
point of the cut-through path or an intermediate router 
device (step S410) , a correspondence between the flow 
information and label informarion contained In the received 
message and rhe corresponding rransmission flow information 
35 and label information is established, so rhar rhe cur- 
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Through parh ser up xo an outpul: nerwork Inrerrace 221 or 
222 from rhc Inpux nerwork Inrerface 211 to 2lN becomes 
possible, and therefore a Transition to The cuT-throuffh 
Transfer becomes possible (sTep S411). 
5 The Transition to The cuT-Through transfer Is 

compleTed by setting The output label InformaTlon in The 
label Table 233 exiSTing on The recelvlne neTwork interface 
211 TO 21N, in the case of The rourer device in The 
conf iffuraTion shown in Fig* 2. 

10 Also, in The case where The number of already set up 

cuT-Throueb paths is g-reater Than or equal to the number of 
next hop informaTion maintained, ThaT is, in The ease where 
The number of already seT up cuT-Throug-h paths is 2 or more 
in this example p The cuT-Throuffh paths for Transmission are 

15 already seT up wiTh rsspecT to respecTlve nexT hop routers, 
so ThaT The rranslTion to The cuT-TJtirougrh Transfer is 
compleTed when The cuT-Throu^h control unit 202 seTs The 
label Table on The input network interface 211 to 21N of 
The received seT up messag^e so as to transmit by merKing: to 

20 the already set up cuT-throueh paths, with respecT To The 
deTermined next hop router informaTion (sTep S411). 

After ThaT, The seT up completion message is returned 
TO The rouTer device from which the set up message was 
sent. 

25 Note ThaT, in The case of carrying: out The mercrinc 

described above, in deTermininff The next hop information at 
the step S4:08» it is preferable not to select one next hop 
information more Than once until every next hop information 
is selecTcd once (This is The case in the above example) . 

30 However, by relaxing the selection criterion, it is also 
possible TO selecT one nexT hop information more than once 
before every nexT hop informaTion is selecTed once. In such 
a case, m the above procedure. The condiTion That the 
number of already set up cut-Through paths Is ereaxer than 

35 or equal to the number of nexT hop information maintained 
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Will be replaced by a condlrlon rhar The cur-through parti 
ro De a rargex at merelntr Is already ser up, and rhe 
Qondlrion rhar rhe narnDer of already ser up cur-rhrough 
parhs is less rnan rhe number of nexr hop informarion 
5 mainraizied will be replaced by a oondirion rhar rhe cur- 
rhrou^h path ro be a rarpet of merging Is nor yer ser up 
(nore rhat this condirion can also be used in rhe procedure 
of Flff, 4) • 

10 Nexr. rhe case accounting for differenr link rares 

CnerworK Dandwidrhsj of rhe nerwork Inrerfaces wlrh respecr 
ro a piuraliry or nexr hop informarlon rhar can be selccred 
will be described. 

For ejcample, ir is possible to consider rne case where 
15 rhe link rates of rhe nerwork interface 221 and rhe nerwork 
Q inrerface 222 of rhe router device 101 are different, 

^£3 Consequenrly . Ir Is preferable to carry our rhe load 

balancing by accaunrin& for rhe link rates, 
•Q Fitr, 5 shows an exemplary processings procedure of rhe 

ir= 20 rourer device loi ar a time of cur-rhrousrh parh senerarion 

in such a case. Here, rhe case of not carrying our rhe 
merffing will be described. 

Also, the exemplary case described here is directed ro 
rhe case of generaring rhe eur-rhrouKh parh from rhe rourer 
25 device 111 ro UN ro rhe network 120 or the router device 
104 as the final desrinarlon and a rario of the link rares 
of rhe nerwork interface 221 and rhe network inrerface 222 
is 1:2 trhe nerwork inrerface 222 is fasrer than rhe 
nerwork inrerface 221) . 
30 The cur-rhrouch path generation message received from 

rhe nerwork interface 211 oT rhe rourer device lOl is 
transferred ro rhe IP processing' unit 201 afrer retferring 
to the label table 233 ar rhe label processing unir :i32 and 
dererminine rhar rhe IP processing is ro be carried our ar 
35 rhe own device (srep SSOl), 
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The IP processing unir 201 to which The ser up messa&e 
is transferred rhen makes a Juag-emenx as to wheTher IT is a 
me^sag-e To be received by the own device or noT . and sends 
data TO The cuT-Throu^h conTrol anlT 202 when It is a cut- 
S Throug'h protocol messaere (sTep S502). 

On The oTher hand, when the IP processing unit 201 
Judges that It Is noT a messaee to be received by The own 
device. The IP transfer processing is to be carried out so 
ThaT The IP processing unlT 201 deTermlnes a nexT hop 
10 rouTer device by referring to The rouTlng Table 203. and 
Transfers daTa To The nexT hop router device (sTep S503). 
AT This polnT, ±t the router device 101 has a device 
configuration wlThouT The IP Transfer function. The daTa 
may be discarded. 
15 NcxT. aT The cut-through control unlT 202 thaT 

p received The set up roessa&e from The IP processing unit 

^0 201. rne final desTlnaTion for the purpose of generaTing 

T. rhe cuT-Through path that is contained m the received 

,|3 message ifi acquired (step S504) - 

fJ| 20 Also, the nexT hop rouTer device is obTalned by 

!Ji referring To The rouTlng Table 203 using The acquired final 

destination (step S50G) , and if The final desTination is 
H noT reachable. The Transfer of this message is InTerrupTed 

( sTcp S506 ) . 

il i 

°S 25 Nore tliar rhe operarion after the messag-e transfer 

Ci Interruption is different depeudlnff on the out-throueh path 

generaTlon proTocol , and can be reTurning of a response to 
the previous hop router device 111 to UN from the router 
device 101 or sTopping of the proTocol operaTlon. 
30 On The oTher hand» when the final destination exists 

aT The STep S505, the next hop rouTer device InformaTion is 
obTalned from an entry of The routing rable 203 for The 
final desTlnat ion . 

In The neTwork of Fig. 1, The router device 101 
35 maintains The rouTer device 102 and The rouTer device 103 
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as T:nG nexx hop Inrormarlon wirh respecr to rhe rourer 
device 104 and the nerwork 120 as already menrioned above. 

NexT, the nexr hop rourer device is to be eeleered ar 
the cut-throuffh control unit 202. and at this point, the 
5 cut-through control unit 202 checks the number of already 
set up cuT-rhrough paths with respect to the same dPlnal 
destination (step SSOT), 

The number of already set up cut- through paths Is used 
In the Judgement to obtain the next hop Information, For 

10 example, the next hop information Is determined by an 
algorithm which selects the router device 102 when the 
number of already set up cut-through paths Is a multiple of 
3, or the router device 103 otherwise (step S508) . 

Note that when there are n pieces of the next hop 

15 Information, and the link rate of the next hop i is given 

by r(i), the next hop router devices can be selected at the 
frequencies corresponding to their link rates according to 
a value or "y = c mod (r(l) + + r(n))", for example, 

wtiere e is rhe number of already set up cut-through paths 

20 (the number of values (the number of types) of y which 
should select the next hop 1 is set proportional to the 
link rate r(l) of the next hop 1). 

For example, when there are three pieces of next hop 
Information (assumed to be next hop #1, aejct hop #2, and 

25 next hop #3). and a ratio of link rate for the next hop #1 ; 
link rate for the next hop #2: link rate for the next hop 
??3 = l!2:3 (where a total of elements (i. 2 and ^ in this 
case) eonetiTutlng tne ratio or tne link rates = 6). tne 
next hop #3, #2, #1, #3, #2, or #3 is selected If a value 

30 of "y = c mod (the total of elements constituting rhe rario 
of the link rates (==6)) isO. 1, 2, 3, 4, or 5, 
respecr Ivcly . 

Also, the next hop router device selection algorithm 
is not limited to this, and any algorithm can be used as 
35 long as it makes a ratio of the numbers of paths for the 
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next hop rourer devices idenrical (or nearly Idenrical) ro 
rhe ratio of* rjie link rates • 

Ar the cut-through control unit 202 which determined 
rhe next hop router device in this way, the set up messaee 
5 is xranHinltted to rhe router device 1G2 through the network 
interface 22X If the router device 102 is determined a3 the 
next hop router device or to the router device 103 through 
rhe network Interface 222 if the router device 103 Is 
determined as rhe next hop router device (step S509)- 
10 After that, at a riming where the set ap completion 

message arrives from the router device 104 that ±b an end 
point of the cut-through path or an intermediate router 
device (step S510), a correspondence between the flow 
informarion and label information contained in the received 
15 messaee and rhe corresponding rransmission flow information 
Q and label information is established, so that the cat- 

-% rhrouerh path set up to an ourput network interface 221 or 

m 222 from rhe inpur network inrerface zil to 'Zll^ becomes 

^fi possible, and rherefore a transition to the cur-through 

20 rransfer becomes possible (srep S511) - 
m The rranslrion ro rhe cut-through rransfer is 

completed by serring rhe output label information in rhe 
^ label rable 233 existing on the receiving network Interface 

^ 211 to 21N, in the case of rhe router device in the 

kD 25 configuration shown in Fi?:. 2. 

Afi described, it can be seen that the case where rhe 
''^ link rates are different can basically be handled by only 

changing the next hop router device selection algorithm. 

Note rhar In the case accounting for the difference in 
30 the link rates and also using the merging switch (carrying 
out rhe merging) . ir Is similar ro rhe example of Fig- 4 
described above, and it suffices ro change rhe selection 
processing of rhe srep S408 to rhe sselecrlon processing 
accounting for the link rares such as rhar of rhe srep S508 
35 of Fig. 5. for example. 
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Also, m xnis emboairoenr . It is possilsle ro realize 
various ueagde and rhe load balancing Tor the case of uelxig* 
rhe merGTln^ as well ae for rhe case of nor uslner the 
merelne. by chanfflng rhe processing algorithm ar a rime of 
determining rhe nexr hop information in the processing of 
Fig', 3 ro Flff. 5, that; Is, at rhe steps S808, S408 , and 
S508. In rhe following, several exemplary applicar ions will 
be described, 

Ar rhe rourer device 101. various cur^rhrough paths 
can be generated besides rhar for rhe router 104 or the 
network 120, For example . ar rne rourer device loi, rhe 
number- of already set up cut-through paths with the router 
device 102 as rhe nexr hop rourer device and the number of 
already set up cut-through paths with the router device 103 
as the next hop router device are accounted for the cut- 
through paths far the other destinations such that, when 
more cur-rhrough parhs are set up for either one (rhe 
rourer device 102 for insrance), welghrs are applied so 
rhar rhe eelecrion probability of the other router device 
(the router device 103 in this cajse) becomes higher. In 
this way, the cur-rhrough parhs wirh respecr ro rhe rourer 
device 102 and the router device 103 can be balanced 
overall . 

Also, in rhe case where QoS informarion is contained 
ar rhe edg-e rourer device at a time of the cut-through path 
generation, the algorithm can be changed such rhar rhe 
rourer device which can satisfy rhe specified QoS more 
easaily will be sselected according* to tlie number or already 
get up cut— through paths thar conrain QoS. 

Besides rhese, various orher variarions may also be 
considered. 

Next, Fig- 6 shows an exemplary configuration of the 
routing table 203 used in order to obtain the next hop 
information from the header informarion such as rhar of IP 
in rhis embodiment . 
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A desrlnaxion address field 601 has an inf'orniatluii 
whlcla serves as a key for obrainingr rlie nexr hop 
Information from the deatlnarlon address informarlon of rhe 
set up message as well as a key at a time of the transfer,, 
5 A next hop Information number field 602 is used for 

holding' the number of next hop information that is held for 
the corresponding destineation information* where two or 
more values are set in the case of multi-path. 

The next hop information 611 to eiN Is for holding an 
lo address of the next hop information for transferring 

dataerram to the correspondinff destination information, and 
the number of entries varies aceordins to tlie value set to 
the next hop information number field 602- However, it is 
not absolutely necessary for this entry to have the actual 
15 address information of the next hop router device, and this 
□ entry may have an information indicating an information 

location where the next hop router device information is 
nj stored - 

kQ Tne number of cut-through paths field 603 indicates 

^ 20 the number of already saet up cut-tnrouiTli patns for the 

J?I corresponding destination information, which can be used in 

The processing for determining a plurality of next hop 
1=^ router devices that are existing, in the processing shown 

in Fig, 3 to Fig. 5. 
,f3 25 Fie:- 7 shows an exemplary configuration of the label 

^0 table 234 in this embodiment, which is to be used for 

transferring the received datagram (frame) without applying 
the IP processsinff, by obtaining an output interface and an 
output label and from a label value attached to tine 
30 received datag-ram. 

A received label field 701 has a label that coincides 
with a label contained in the header information of the 
received frame, which will become a key at a time of 
referring to this table. In the case of ATM, VPI/VCI is 
35 used. 
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An outpur interface tleXd 70Z specifies an output 
neTwork Inrerface, whloh is aeed Tor the purpose of 
switching at the swlTch unit 204. 

A output label value field 703 Is used for storing a 
5 label to be atTachcd In order to transmit datagram to the 
next hop router device and a header information regarding 
Its physical layer when the physical layer is different. 

As described, according to this embodiment, it is 
possible to carry out the load balancing at the router 
XO device that actually has the multi-path information . 
without involving the edge router - 

In addition, it is possible to realize the effective 
load balancing by preventing the complication of the 
control and the Implementation - 

IS 

3 up to this point, the cut-through path set up. 

3 especially the selection of the next hop router device for 

r= the purpose of the load Daiancing. has been described. In 

S xhe following, the cur-through path re-setting that is 

^ 20 carried out according to the amount of traffic that 

actually flows , 

Fig. 8 shows an exemplary configuration of the router 
device 101 which Is provided with a function for carrying 
out the cut-through path re-setring according to the amount 
3 25 of traffic that actually flows, 

3 An IP processing unit 801 checks whether an IP 

3 datagram is destined to the own device or not according to 

a destination information of the datagram, and for the 
datagram destined to the own device, the reception 
30 processing is carried out and the datagram is transferred 
to an upper layer protocol {TCP. for example), whereas for 
the datagram not destined to the own device, a next hop 
transfer target is determined and a processing for 
transferring the datagram to a next hop router device is 
35 carried out. 
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Nore Tliat rlie rouxer device lOi lias a label swirctiin^ 
funerlon uslns labels so rhar ir is nor absolutely 
necessary for Tlie rouxer device 101 to have a transfer 
function with respect to the datagram not destined to the 
own device . 

A cut-throu&h control unit B02 carries our a protocol 
to be used In oDtalnln^ a common recognition regarding: the 
datagram flow and the label information with the 
neiehborlnff router devices (by exchan&ine information on 
tne datagram flow and the labels) . 

A routine table 803 is a table used in obtaining a 
next hop router device from the destination address, where 
it is possible to have a plurality of next hop information 
but the next hop information is not necessarily always 
plural because there can be cases where no mult i -path 
exists aependlnc: on the route. 

Network interfaces 811 to 81N are respectively 
connected to the routers 111 to UN, and can be provided in 
any form as long as FANP , TDP or LDP Is usable on a 
physical layer. For example, they can be provided m forms 
of ATM. frame relay, Ethernet, etc. 

A network interface 821 is connected to the router 
device 102 and operates similarly as the network interfaces 
811 to 81N (here it is assumed to have the same 
contiffuration as the network interfaces 811 to 81N) . 

A network interface 822 is connected to the router 
dQvice 103 and operates similarly as the network interfaces 
811 to 81N (here it iss atsfiumed to have the same 
configuration as the network interfaces 811 to 81N) . 

A switch unit 804 is a switch device capable of 
directly switching- datagram from one network Interface to 
another network inrerface when the cut- through transfer is 
possible . 

Now, a configuration of each network interface will be 
described usinu: the network Interface 821 as an example. 
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A physical layer processlne unlr 831 carries our 
di-fferenr Types of processing accordine: to rhe physical 
layer accommodared by rhe network interface, such as the 
cell synchronization processing, etc . in rhe case of ATM 
5 and the MAC processing, etc.. in rhe case of Etherner. 

A physical layer counter 832 holds the numher of 
physical layer frEimee ro he rranssmitted from «ie nerworlc 
interface 821- 

A label processing unir 833 derermines a label for a 
10 nexr hop router device by referring ro rhe label rable 834 
afrer exrracting a label from rhe header informarion of the 
received daragrara (frame), and carries our a processing for 
transferring the datagram to the next hop router direcrly 
rhrough the swircii unir S04 wirhour carrying our the IP 
15 processing. 

Nore rhar, in rhe case of ATM, a switch rable in rerme 
of VPI/VCI used by rhe ATM swirch or rhe like can be used 
directly as rhe label processing unir 833 and rhe label 
table 834, and in rhe case where rhe nerwork inrerfaces 
20 possessed by the router device 101 are all given in forms 
of ATM. all the functions of the network interfaces 811 to 
SIN. 821 and 822, the label processing unit 833, the label 
rable 834 and rne swirclx unir 804 can tie realized t»y an ATM 
switch . 

26 The procedure for re-serting rhe cut-through parh 

according to the amount of traffic that actually flows is 
realized in outline by regularly referring ro rhe counr 
value of rhe rraffic amounr for each rarger nerwork 
Inrerfaccp Judging wherher or nor ro re-ser rhe cur-rhrough 

30 path according to a prescribed criterion, and carrylrie out 
the re-serting (set up/release m the case of not carrying 

our rlie merging, rtie conrenr change of rtie label rable in 
rhe case of carrying out the merging) of one or a plurality 
of cur-rhrough parhsa rhar are selecred by a prescribed 
35 method, elrher separately or collectively, when it is 
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Judged tnar rne re-setrixig: stiould be made. 

Fig. 9 shows an exemplary processing procedure tor 
carrying out "the cur-rhrouffh parh re-eerrinff by measurlnsr 
the acrual rransmlsslon traffic after the router device ill 
5 to UN generated the cut-through path with the network 120 
or the router device 104 as the final destination by the 
metnod or Flc 3, for example. Here, the case of not 
carrying out the merging: at the router device 101 will be 
described . 

lo This procedure is to be carried out repeatedly ar 

appropriate timings. 

At the router device 101, when the multi-path exists 
in the routing table 803 (the network 120 and the router 
device 104 in this example), the traffics arc measured for 
15 the network interfaces thar are specified as their output 

Interfaces tsrep S90i) . in this case, the network Inxerface 
821 and the network interface 822 are measured. 

The trarflc measurement can be made for the Traffic on 
the set up cut-through parn. but in order to check If the 
20 Traffics are balanced, Ir Is more ©mcienr ro use the 
physical layer counter 832 that exists on the network 
interface 821. The same is also true for the network 
Interface 822. 

When rhe outpur counter values are obtained from the 
25 respective physical layer counters 832 or rhe nerwork 
Interface 821 and the network Interface 822. the both 
output counter values are compared or evaluated, and 
wherher a relationship between rhese values la ratio Tor 
example) is within a tolerable range or not is? checked 
30 (step S902) , 

Here, the tolerable range is determined by the link 
rates and The uxilization rate of the ncxwork inxerface 821 
and the network interface 822, and a rario of the counr 
value of rhe tramc amounr of rhe nerwork inrerface 821 
35 and the count value of The traffic amount of the network 



Received 



0ct-Z7-99 lE:4?am F rom-+81 335970086 



To-FOLEY A LARDNER Page 33 



^9-10-27 13:59 JgJfe-FOLEY 



IS £€7E-MtY0SI & MIYOSI 



T-raS p. 34/60 U-569 



im:er^*ace 822 should preferably coincide with or close to a 
rario oT rnelr link rares , tor example. Also, ix may be 
judged asi within rhe rolerable ranee even If the traffics 
are not balanced when the trarflc amounts are small on both 
5 interfaces - 

After the above checking, If it is within the 
tolerable range, the processing can be finished by 
rerardinc that the traffics are balanced (step S903) . 

On the other hand, in the case where the tolerable 

lo range Is exceeded at the step S902. one re-setting target 

eut-througn path is selected from the cut-throusrh paths set 
up in the multi-path at tne network interface with more 
transmission amount (which is assumed to be the network 
Interface 821 side for example) (step S904), and the count 

15 value of the traffic amount flowing through the selecxed 
cut-through path is measured (step S905J, 

Next, a value (M+x) obtained by adding the traffic 
amount x of the selected cut-through path to the traffic 
amount w of the network interface C822) with less 

20 transmlsaslon amount and a value CN-x) obtained by 

subtracting the traffic amount x of the selected cut- 
through path from the traffic amount N of the network 
interface (821) with more transmission amount are compared 
or evaluated (step Sd06), to sec if these calculated values 

25 are within the tolerable range, or excessively biased 

toward the network Interface (821) with more transmission 
amount, or else excessively biased toward the network 
interface (822) with less transmission amount. 

When these calculated values are wltnin tne tolerable 

30 range or biased toward the network interface (821) with 

more transmission amount, the cut-through path re-setting 
is carried out such that the next bop router of the cut- 
through path for which the traffic was measured is switched 
from the router device (102) corresponding to the network 

35 Interface (821) with more transmission amount to the router 
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device (103) correspondlne to the network Inrer^ace (822) 
WITH lees rransmisslon amounr tsrep S90TJ . Then. In the 
case where rhese calculated values are within the tolerable 
range, the processing Is finished (step S908J, whereas in 
G the case where these calculated valuesn are biased toward 
the network interface (821) with more transmission amount, 
the processing' from the step S904 on is repeated (step 
S909) . 

The method of re-setting is different depending on the 
10 cut-tnrough protocol, and includes the method which sets up 
after releasing tn© cut-through path and the method wnich 
carries out the release processing after tJie set up. 

On the other hand. In the case where these calculated 
values are biased toward the network interface (8:^2) with 
IS less transmission amount, the output target of the measured 
cut-through path is not changed and the processing from the 
step S904 on is repeated In order to switch the other cut- 
through path (step S910). 

in the case of such a method, there can he cases where 
20 the tolerable range is not reached even after the 

balancing, and in such a case, it is possible to take one 
of the current state and the state expected after tlie re- 
setting which is closer to the tolerable range. 

Fig- 10 shows an exemplary processing procedure for 
25 carrying out the cut-through path re-setting by measuring 
the actual transmission traffic after the router device 111 
to IIN srenerated the cut-tnroueh path with the network li20 
or the router device 104 as the tlnal destination hy the 
metbod of Fig. 4, for example. Here, the case of carrying 
30 out the merging at the router device 101 will be described. 
This procedure Is to be carried out repeatedly at 
appropriate timings. 

At the router device 101, when the multi-path exists 
in the routing table 803 (the network 120 and the router 
35 device 104 In this example), the traffics are measured for 
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rlie network liixerraces xnar are specitled as their ourpui: 
Interfaces CsT©p sxool). In tills case, the network 
inl:er:faee 821 and the network Interface 822 are measured. 

The traffic measurement can be made tor the traffic on 
S the set up cut-through path, but In order to check If the 
traffics are balanced, it is more efficient to use the 
physical layer counter 832 that exists on the network 
interface 821. The same is also true for the network 
Interface 822. 

lo when the output counter values are oDtained from tne 

respective piiyeicai layer counters 832 of the network 
Interface 821 and the network interface 822, the botU 
output counter values are compared or evaluated, and 
whether a relationship between these values (a ratio for 
15 example) is within a tolerable ranee or not is checked 
Q (step S1002) . 

Here, the tolerable ranffe is determined by the link 
^ rates and the utilization rate of the network interface 821 

kQ anca tne network interface 822. and a ratio of the count 

20 value of rbe traffic amount of the network Interface S2X 
JJI and the count value of the traffic amount of the network 

interface 822 should preferably coincide with or close to a 
1=^ ratio of their link rates, for example. Also, it may be 

™ judged as within the tolerable rang'c even if the traffics 

Iq 25 are not balanced when the traffic amounts are small on both 

^0 Interfaces. 

After the above checking. If It is within the 
toieraiDle rangre , the processing: can be finished by 
regarding- that tbe traffics are balanced (step S10O3J, 
30 On the other hand» in the case where the tolerable 

range is exceeded at the step S1002, one re-setting target 
cut-throu&h p(ath is selected from the cut-through paths set 
up In the multi-path at the network interface with more 
transmission amount (which is assumed to be the network 
35 interface 821 side for example) (step S1004) . and tne count 
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value or the traffic amounr flowini: xtirouiph rhe selecTed 
car-rhrouffh paxli Is measured, (srep SIOOSJ . 

Here, It Is importanr ro nore that "Che rransmiseion 
Traffic of each cut-through path is already a value aTter 
5 the mersine, so that there is a need to measure the 
received traffic before the mereln^- 

Next , a value (M-'-x) obtained by adding the traffic 
amount x of the selected cut-through path to the traffic 
amount in of the network interface (822) with less 

10 transmieeion amount and a value CN-x) obtained by 

subtracting the traffic amount x of the selected cut- 
through path from the traffic amount N of the network: 
ihterface (821) with more transmission amount are compared 
or evaluated (step S1006), to see if these calculated 

15 values are within the tolerable range, or excessively 
biased toward the network Interface (821) with more 
transmission amount, or else excessively biased toward the 
network interface (szz) with less transmission amount. 

When these calculated values are within tne tolerable 

20 ran^e or biased toward the network Interface (821) with 

more transmission amount, the entry of the label table 834 
for the cut-throug-h path for which the traffic was measured 
is rewritten into a label for outputtin^ to the network 
Interface (822) with less transmission amount (step SIOOT), 

25 After this label table setting:, in the case where these 
calculated values are within the tolerable range as a 
result of the processing of the step S1006 . the processing: 
is finished (step SlOOBj . whereas in the casie where these 
calculated values are biased toward the network Interface 

SO (821) with more transmission amount, the processing from 
the step S1004 on is repeated (step S1009). 

Note that whether or not the protocol processing is 
necessary for the eut-throuffh path for which the output 
target is changed here depends on the protocol used. 

35 On the other hand. In the case where these calculated 
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values are toiaeed roward me nerworK inrerface (822) wirh 
Igsss Transmission amounr , the ourpur rar^er of rlie measured 
cur-xhrouffh path Is not changed and rhe processing I'rom rhe 
Step S1004 on is repeated In order to switch the other cut- 
5 through path (step SIOIO). 

In the case of such a method, there can be cases where 
the tolerable ranee is 'i^ot reached even after the 
balanclne:, and in such a case, it is possible to take one 
or the current state and the state expecred after the re- 
10 setting which isa closer ro rhe tolerable rangre . 

Note that there are various choices for the criterion 
used in xhe comparison or evaluation at the step S90B in 
the procedure of Fig. 9 or the step S1006 in the procedure 
of Fi&. 10, 

15 For example, when the size relarionshlp between the 

traffic amounrs is reversed if the selected cut-througrh 
path is re-set. that is. when N > M and (N-x) < (M+x) , It 
is possible not to adopt (re-set) the selected cut-through 
path, in which case It Is Judged as excessively biased to 

20 the nerwork inrerface (822 in this example) with less 
transmission amount when (N-x) < (M-^x) so thar the 
processine returns from rhe sxep S9OB/S100e ro the step 
S904/S1004, The processing is finished from rhe step 
S907/S1007 when ir is judged as within the tolerable range, 

25 and it is Judged as excessively biased ro the network 
interface (821 in this example) with more transmission 
amount orherwlse so that the processing returns from the 
step S907/S1007 to rhe step S904/S1004. 

Ir is also possible to judge the calculated values as 

30 within the tolerable range when upper limir S: (N-x)/(M-rx) ^ 
lower limit, or as excessively biased toward rhe network 
Inrerface (821 In rhis example) with more rransmission 
amoanr when (N-x)/(M^x) > upper limir. or else as 
excessively biased roward the nerwork interface (822 in 

35 this example) with less transmission amounr when lower 
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limit: > (N-x)/(Ml+xJ. Tor example. 

Also, rhere are various cnoices Tor rhe cur-rtirourti 
parh selecTlon mexhod ax The step S904 In rhe procedure of 
Fig. 9 or The srep S1004 In The procedure of Fig- 10, 
5 For example. The eiiTrles of The label Table 834 may be 

selecTcd one by one in an order of Their ar ranffcraent . Also, 
The enTries of The label Table 834 may be sequenTlally 
selecTed in a descending order of their traffic amounT 
counT values, for example 
10 Also, rne exemplary procedures of Fig- 9 and Fig- lO 

are directed TO The case of repeating a series of 
processings including the selection of one re-seTTlng 
TargeT cur-Through paTh, The Judgemenr as to wherher or nor 
To carry our The re-setting of rhe selected cuT-through 
15 parh. The rc-scTTlng in The case where IT is Judged Thar 
The re-serring is to be carried our, and rhe Judgement as 
ro wherher or not to continue The repeared processing, but 
ir IS also possible ro carry our The selecrlon of rhe re^ 
serting target cut-rnrough parhs ar rhe beginning and then 
20 carry out the re-setting collect ively . 

It is also possible ro obrain The oprimal solution or 
the nexT-To-oprimal soluT.ton for one or a plurallTy of cuT- 
rhrough paths To be re-ser by accounring for The Traffic 
amount of each ncrwork inrcrfacc and the Traffic amount of 
25 each cur-rhrough parh ser up in The multi-path • In This 
case, if a plurality of solurlons exisr. one with the 
emaiiesr number of cut-througu parJtis ro be re-ser may be 
selecred. Also, If a plurality of solutions exist, a 
soluTion may be selecTed by comprehensively aecounring for 
30 the level of The resulrlng balance. The number of cut- 
Through parhs ro be re-ser, etc. 

NejcT , Fig. 11 shows an exemplary eonf i euraT ion of the 
label Table 834 in This embodiment, which is ro be used for 
Transferring rhe received datagram (frame) wirhour applying 
35 The IP processing, by obraining an output interface and an 
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ourpur label ana rrom a label value arr&ched to rhe 
received daraG^r^m. 

A received label field 1101 has a label That coincides 
with a label contained in the header information of the 
5 received frame, which will become a key at a time of 

referring^ to rhis table. In the case of ATM. VPI/VCJ Is 
used . 

An output interface field 1102 specifies an output 
network interface , which is used for the purpose of 
lo fiwitchmg^ at the swixch unit 804. 

A output label value field 1103 is used for storing a 
label to be arraehed in order to transmit datagram to the 
next hop router device and a header Information regrardine 
irs physical layer when The physical layer is different, 
15 A number of received frames field 1104 indicates the 

□ number of frames transferred by this label table 

•S information, which is referred at a time of traffic 

slj measurement In units of cut-through path in the procedures 

Of Fiff- 9 and Fig. lO , 
p; 20 As described, according to this embodiment, it is 

possible to realize the more effective load balancing as 
rhe cux-throug-h path re-setring' is carried our according to 
^ rhe amount of traffic rhar acrually f lows . 

[fi 25 Ir is ro be nored that the router device and rhe set 

up procedure as described with references to Figs. 1 to 7 
and the router device and the re-setting procedure as 
described with references to FlgK . 1 and 8 ro 11 may be 
practiced eirher in combination or Independently. 

30 Ir is also ro be nored rhar, in rhe above description, 

the router device Is assumed to be a device having a 
rouring rable of rhe nerwork luyer such as IP. 

Also a procedure for selecring the rourer device so as 
ro contribute to rhe load balancing may Include not just a 

35 procedure for selecting any rourer device that contributes 
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most to "Ctie load balancing at rhar momenr . bux also a 
procedure for realizing xne load balancing over a 
prescribed span. 

As a simple ex£unple, when There are three routers 
5 (route #1, router #2. router #3) that can possibly be the 
next hop router, a procedure for sclectlne" "the routers In 
an order of #1, #2, #3. #1, #2, #3, and so on will provide 
the former procedure, while a procedure for selecting the 
routers in an order of #1, #1, #2, #2. #3, #3, #1. , #2, 
lo #2, ^3. ^3, and so on will provide the latter procedure- 
Also, the loati balancing may be carried out tor each 
ranffe of the cut- through paths that are set up In tne 
multi-path sharing the same destination, or over the entire 
cut-throueh paths. Besides these, various other methods are 
15 also possible In this regard. It is also possible to 

realize the effective load balancing by accounting for the 
various factors- 

Also a procedure for selecting the router device so as 
to distribute tne numbers or cut-through paths uniformly 
20 may Include not just a procedure for selecting any router 
device that contributes most to the unlf ormizat ion at that 
momenta but also a procedure for realizing the 
unlf ormizatlon over a prescjrlbed span. 

As a simple example, when there are two routers (route 
25 #1, router #2) that can possibly be the next hop router, 
the router #1 Is selected when a residue obtained by 
dividing a certain integer by the number of these routers 
is o, and tne router if2 Is selected when the residue Is 1, 
sucli tbat the routers are selected in an order of #1, #2. 
30 #1, #2, and so on- 

Also a procedure for selecting the router device so as 

TO distribute the numbers of cut-through paths evenly 
according to the link rate of each router device may 
Include not Just a procedure for selecting any router 
35 device that contributes most to the even distribution at 
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rliar roomenr , bur also a procedure for realizing rlie 
even dlstrlburion over a prescribed span. 

As a simple exajnpl©, when there are three routers 
(route #1, router #2, router #3) that can possibly be the 
5 next hop router and a ratio of link rate of router #1: link 
rate of router #2: link rate of router #3 1:2:3, the 
router #3 is selected when a residue obtained by dividing a 
certain Integer by a total of elements constituting a ratio 
that indicates or approximates a ratio of the link rates is 

10 O, 3 or 5. the router ff2 is selected wben the residue is i 
or 4. and the router #1 is selected wnen the residue Is 2 
such that the routers are selected in an order of #3, ffZ. 
#1, #3, #2. #3. #3. #2, #1, #3, #2, t3. and so on. 
Alternatively, it is also possible to use a procedure in 

15 which the router #3 is selected when the residue is O, 1 or 
2. the router #2 is selected when the residue is 3 or 4, 
and the router #i is selected when the residue is 5 such 
That the routers are selected in an order of ^F3 » #3, #3, 
#2, #2, #1. #3, #3, #3, #2, #2, ;pl, and so on. 

20 It is also to be noted that the above described 

embodiments according to the present invention may be 
conveniently implemented using a conventional general 
purpose digital computer programmed according to the 
teachings of the present specification, as will be apparent 

25 to those skilled In the computer art. Appropriate soft^vare 
coding can readily he prepared by skilled programmers based 
on the teachings of the present disclosure, as will be 
apparent to those skilled in the software art. 

In particular, each router device of the above 

30 described embodiments can be conveniently implemented in a 
form of a software package. 

Such a soTtware package can be a computer program 
product which employs a storage medium including stored 
computer code which is used to program a computer to 

35 perform the disclosed function and process of the present 
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# # 

invenxlotx- The sroraee medium may Include, bur is not 
liraiTed. ro, any rype at convenrional floppy disks, optical 
disks, CD-ROMs, maenero-optlcal disks, ROMs, RAMs . EPROMs . 
EEPROMs, magnetic or optical cards, or any oxtier suitable 
5 media for storing electronic- inetructlons . 

It is also ro be noted that, besides those already 
mentioned above, many modifications and variations of the 
above embodiments may be made without departing from the 
novel and advantageous features of the present invention. 
10 Accordingly, all such modifications and variations are 

Intended ro be included within the scope of the appended 
claims - 

15 

y\ 20 
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35 
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